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This thesis presents two systems that utilize polymers to make optically active surfaces. The first
system uses optical interference make porous photonic crystals in polymer thin films. The second
system uses silicon polymer to make soft, responsive diffraction gratings for heart cell monitoring. The
first part covers a process that uses optical interference to produce polymer thin films. Standing waves
are induced in a light sensitive polymer film which crosslinks the polymer according to the interference
pattern. Crosslinking produces an internal stress in the polymer and when the film is submerged in a w
eak solvent the stress is released via the formation of crazes in the non-crosslinked
region of the polymer. The result is a layered porous thin film. Bragg peaks in the film spectra show
that the periodic porous and dense polymer layers behave as a photonic crystal and the films strongly
reflect certain wavelengths of light. The porous nature of the film is confirmed by cross sectional SEM
imaging.

It is shown that the process can be performed with multiple polymers: polystyrene, polycarbonate,
and poly (methyl methacrylate) (PMMA). Photosensitive additives can be mixed with the polymers to
expand the range of wavelengths that can be used to crosslink the films from 254 nm to 405 nm. This
technique is used to create polymer films with a range of structural color that spans the visible light
spectrum. It is also demonstrated that this process can work with over a wide range of molecular
weights using polystyrene from a minimum molecular weight of 16kDa.

The porous layer formation is shown to be the result of craze formation in the non-crosslinked
regions of the polymer. Crazes are a form of polymer mechanical failure and can form in polymers
under stress in certain conditions. The presence of weak solvents aid the formation of crazes; this is
the observed action of the acetic acid. The crazes in the polymer thin film are induced by the internal
stresses that are created in the film during crosslinking. This part of the mechanism is shown by
releasing the internal stress in the crosslinked films, after which the porous layers cannot form. The
stress is released by heating the films above their glass transition temperature. The crazing aspect of the
process was harnessed by the application of Hansen Solubility theory. Hansen solubility theory can be
used to characterize solvents and it was used successfully to find alternative solvents to acetic acid.
Different solvent mixtures were identified for each of polystyrene, polycarbonate and PMMA.

The second part discusses two applications of the process for forming porous layers: inkless printing,
and microfluidic design. To perform inkless printing films were masked during crosslinking illumination
with patterned stencils. This method could produce images on the centimeter scale. Images were formed
on different substrates types such as flexible, transparent Polyethylene terephthalate. High resolution
printing was accomplished using a micro-LED which can expose desired patterns at the micron scale.
Images and patterns with feature sizes at the micron were printed using this method. It was found that
feature size was a parameter that could be used to influence the structural color.

The second application studied was the design of microfluidic flow channels. Stenciled printing was
used to design the channel patterns. Changing the illumination wavelength could control the internal
pore size and spacing of the layers which changes the flow rate of liquids in the channel. This
approach is a unique way of making microfluidic devices with high resolution. The control of flow rate
via crosslinking wavelength is demonstrated using hexadecane as the flow liquid.

The final part of the thesis describes a method for producing structural color polymer substrates that
respond to the beating of heart cells. Soft diffraction gratings were fabricated from silicon polymer
(PDMS) using a grating mold. The mechanical properties of the soft gratings were tunable and the stiff-
ness of the substrate could be adjusted appropriately for cells. The optical and adhesion properties of
the gratings were modified to work in an aqueous environment by coating with a thin platinum layer.

The gratings were coated with a cell adhesion protein. Biocompatibility of the substrate was
established and heart cells were harvested from neonatal rats and seeded on the grating surface. The
heart cells formed a beating layer and the beating could be measured through the changed in diffracted
light from the substrate. Changes in the heart cell beating behavior was measured after addition of
pharmaceuticals to demonstrate practical application of the mechanically sensitive optical substrates.
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